Hormonal fluctuations during the menstrual cycle may influence on muscular tensions and probably alter occlusal force. The aim of this study was to evaluate whether hormonal levels affect maximum occlusal force (MOF) of healthy women throughout the different phases of the menstrual cycle. Sixty complete dentate subjects who were not under use of oral contraceptives were selected to participate in this study. MOF was bilaterally evaluated on the molar region, during 3 complete menstrual cycles, using 5.65 mm-wide sensors. Measurements were carried out during each of the following menstrual cycle phases: menstrual, follicular, periovulatory and luteal, presumed by ovulation test. Data were analyzed by one-way ANOVA and Tukey-Kramer test (p<0.05). Comparisons among menstrual cycle phases showed no differences on MOF (p=0.27). Under the conditions of this study, it may be concluded that hormonal fluctuations during the menstrual cycle do not affect MOF of a sample of healthy women.
INTRODUCTION
Occlusal force is frequently used to evaluate masticatory function (1) and reflect the maximum voluntary contraction of the masticatory muscles. Maximum occlusal force (MOF) magnitude depends on many variables and is influenced by jaw muscle cross-sectional area (1, 2) , craniofacial morphology (3), gender (1, 4) , age (1), occlusion and presence of signs and symptoms of temporomandibular disorders (4, 5) . In addition, voluntary occlusal force has been found to increase proportionally to the electromyographic (EMG) activity of the jaw closing muscles (6) .
The jaw muscles are a group of skeletal muscles responsible for the mastication process. Several studies (7, 8) have shown that human skeletal muscle revel estrogen receptors alpha and beta, especially into the nuclei of muscle fibers and the endothelial cells of capillaries (7) . According to Baltgalvis et al. (8) , the
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alpha estrogen receptor is responsive to circulating estrogen levels. It suggests that the skeletal tissue is a target for estrogen action, which was confirmed in myotubes by receptors activation when stimulated with estrogen (8) . According to Wiik et al. (7), women present a significantly larger number of estrogen receptor beta per square millimeter in skeletal muscle than men after an immunohistochemistry analyzes. The effects of estrogen on skeletal muscle tissue indicate a role in muscle strength development and involvement in carbohydrate and lipid metabolism (9) . The evidence indicates that estrogen does not accomplish the muscle function by affecting the muscle size, rather by improving the intrinsic quality of skeletal muscle, whereby fibers are enabled to generate force (10) . A number of studies have examined the influence of estrogen on muscle contractile properties (7, (10) (11) (12) . Some reports (13, 14) have noted significant increases in strength and force generation around the time of ovulation. These results pointed to a fairly rapid effect of estrogen on skeletal muscle force production (14) . It has also been suggested that estrogen can influence maximal activity of skeletal muscle fiber (9) , increasing maximal contraction force, which could result in muscle fatigue (15) , and compromise masticatory function.
The sex hormonal plasma levels predictably fluctuate in the course of the menstrual cycle. The luteal phase extends approximately 14 days after ovulation and is characterized by peaks in estrogen and progesterone (11) . Menstruation finishes the luteal phase with abrupt drops in plasma hormones levels. Some women frequently report premenstrual symptoms include headache, dizziness, irritability, nausea and backache which may be directly attributable to increased muscle tension (16) , overloading the teeth and possibly altering MOF.
Muscle tension reflects a proportionally increase of the EMG activity of the jaw closing muscles (6) . According to Coyne et al. (16) , the EMG activity of the facial muscle is influenced by hormonal fluctuations during the menstrual cycle, especially the frontal muscles that shows a reduction in EMG activity in the premenstrual phase, where the hormonal levels are low, compared to follicular phase, where these levels are rising.
As the EMG activity is influenced by hormonal fluctuations (16) and the EMG values represent the force that muscle is able to produce (6), it can be hypothesized that the hormonal fluctuation, that characterizes each menstrual cycle, could be able to affect the MOF. It is of great importance to understand whether, how and to what extent, menstrual cycle can affect stomatognathic functions of healthy women, in order to improve their quality of life. Thus, the aim of this study was to investigate the role of sex hormone fluctuation in the MOF of healthy female subjects.
MATERIAL AND METHODS
Sixty dentate female subjects with mean age of 23.7 ± 4.6 years participated in this study. The participants should present good oral and general health, and regular menstrual cycles. Subjects presenting severe malocclusion, parafunctional habits, facial deformities, temporomandibular disorders, hormonal disease or were under use of oral contraceptives, pregnant or at menopause were excluded. Subjects were selected among patients seeking for dental treatment at Piracicaba Dental School, University of Campinas, as well as, students and staff of the same Institution. This study was approved by the Ethics Committee of Piracicaba Dental School (Protocol #072/06) and all subjects who accepted to participate in the study signed an informed consent form.
All subjects presented regular menstrual cycle and were observed during 2 months prior to the study to determine the length of the cycles, which remained between 28 and 32 days. Menstrual cycle was divided considering the date of last menstruation, ovulation period, and on the length of the cycle, into 4 phases (11): (I) Menstrual: first day of bleeding, (II) Follicular; from 6 th to 11 th day; (III) Periovulatory: from 12 th to 16 th day, determined by means of the ovulatory predictor test; and (IV) Luteal, stated between the 17 th and the 28 th day of the menstrual cycle. Menstrual phase was determined by self-report in the first day of bleeding, when subjects were instructed to call the researcher. Based on the length of the cycle, subjects near to the expected time of ovulation were instructed to use Bioeasy ovulation prediction test (BioEasy Diagnóstica, Belo Horizonte, MG, Brazil) until identification of the peak of luteinizing hormone (LH), which occurs immediately before ovulation. In face of a positive result for ovulation, occlusal force was analyzed as soon as possible within a period no longer than 36 h. The MOF were evaluated for 3 complete menstrual cycles, and at each evaluation time. In case of a non-ovulatory cycle, measurements were carried out in the following ovulatory menstrual cycle. All evaluations were performed by a single researcher, in the 4 phases of the menstrual cycle, scheduled for approximately the same time of the day. Thus, all volunteers were evaluated during 3 complete months, totalizing 12 appointments.
Determination of Maximum Occlusal Force
A bite force transducer (Spider 8; Hottinger Baldwin Messtechnik GmbH, Darmstadt, Germany) composed of two sensors (FSR No151; Interlink Electronics Inc., Camarillo, CA, USA) was used and the signs were registered, amplified and analyzed by the software Catman Easy (Hottinger Baldwin Messtechnik GmbH) (17) . The sensors (FSR #151; Interlink Electronics Inc.) were 1.2 mm in diameter and 0.25 mm thick, and were protected from deformities during clenching on both sides by 1.0-mm-thick metal disks of the same diameter, and 1.7-mm-wide rubber disks, resulting in a 5.65-mm-wide assembly. The operator positioned the sensors bilaterally on first molar region ( Fig. 1) and the subjects were instructed to occlude as hard as they could during 7 s. Measurement was performed twice with a 5-min interval for release and the highest measurement value (in Newton) was used as result of the MOF.
The errors of repeated measurements (Se) for MOF were assessed from 2 separate occasions of 20 randomly selected subjects (n), using intraclass correlation coefficients (ICCs) at a confidence interval of 95%. No differences were found between measurements and the ICC was 0.92.
Statistical Analysis
Data were analyzed using ANOVA, considering the MOF as a dependent variable and menstrual cycle phases as independent variables. Data that did not fit the assumptions of normal distribution of errors and equality of variances were transformed. Tukey HSD test was used for post-ANOVA comparisons (y**0.1). All analyses were performed using the SAS software (version 8.01; SAS Institute Inc., Cary, NC, USA), and a p-value of <0.05 was considered as statistically significant.
RESULTS
The MOF values obtained in each phase of the 3 consecutive menstrual cycles are presented in Table 1 . There was no significant difference in MOF values among menstrual cycle phases for normally cycling women (p=0.27) ( Table 2) .
DISCUSSION
Some authors have reported the relationship between facial muscle EMG activity and hormonal fluctuations through the menstrual cycle (16) , which could possibly influence the MOF. However, when data were analyzed including all 3 menstrual cycles, it could be seen that contrary to our hypotheses, no significant differences were demonstrated among the phases of the menstrual cycle for MOF (p=0.27). The results of this study suggest that maximum voluntary force of the masticatory muscles is not influenced by the variations in reproductive hormones levels during the menstrual cycle.
Although few studies have examined the outcome of the menstrual cycle influence on the strength of the masticatory muscles, the results of this study are consistent with Gonçalves et al. (18) , which reported no changes in MOF or masticatory performance over the different phases of the menstrual cycle. The authors concluded that female sex steroids affect different body systems; however, there is no conclusive evidence of their effects on the masticatory system.
Studies performed with other body muscles (11), seem to agree and support the present findings. According to Janse de Jonge et al. (11) , no significant changes were found in muscle strength of quadriceps muscles of women throughout the phases of the menstrual cycle. Importantly, in that study, the use of electrical stimulation ensured maximum quadriceps muscle contraction. In a review article, Constantini et al. (19) also showed that muscular strength does not appear to fluctuate significantly during an ovulatory menstrual cycle. Thus, considering that MOF is related to muscle strength, the findings of the present study seem to be in agreement with those of the above-mentioned authors.
On the other hand, the literature shows some contradictory results. Philips et al. (13) observed a clear rise in maximum voluntary force of adductor pollicis muscle within peak of estrogen, concluding that this hormone has a direct or indirect strengthening action on skeletal muscle. In addition, Sarwar et al. (14) found a significant increase of about 11% in quadriceps and handgrip strength at ovulatory phase compared with both the follicular and luteal phases.
These conflicting findings could probably be explained by methodological shortcomings, especially related to the menstrual cycle phase's definition. Early studies (13, 14, 16) investigating the menstrual cycle have often relied on counting the days from the onset of menses. One problem with this method is that, in general, the follicular phase is more variable in length than the luteal phase. Moreover, this method assumes that all women who menstruate regularly also ovulate regularly. However, there is a high incidence of anovulation in women with regular bleeding (20) . More recent studies measured the estrogen and progestin concentrations in serum (11) or use an ovulation predictor test (18) in order to avoid anovulatory cycles and to certify, with a confidence level of 95%, the ovulatory phase as indicated by the peak urinary luteinizing hormone serum level (21) .
According to the terms in which this study was performed, it is possible to conclude that hormonal fluctuations during menstrual cycle do not affect MOF of healthy women. Well delineated studies with reliable methods for identification of menstrual phases should be performed to better understand how and to what extent female hormonal fluctuation affects stomatognathic functions.
RESUMO
As flutuações hormonais durante o ciclo menstrual podem influenciar as tensões musculares e possivelmente alterar a força oclusal. O objetivo deste estudo foi avaliar se os níveis hormonais afetam a força máxima oclusal (FMO) de mulheres saudáveis durante as diferentes fases do ciclo menstrual. Sessenta pacientes completamente dentadas que não usavam contraceptivos orais foram selecionadas para participar neste estudo. FMO foi avaliada bilateralmente na região dos molares, durante 3 ciclos menstruais completos, utilizando sensores de 5,65 mm de espessura. As mensurações foram realizadas durante cada fase do ciclo menstrual: menstrual, folicular e lútea periovulatória, identificadas por teste ovulatório. Os dados foram analisados por ANOVA um critério seguido do teste de Tukey-Kramer (p<0,05). As comparações entre as fases do ciclo menstrual não apresentaram diferenças na FMO (p=0,27). Segundo as condições deste estudo, pode-se concluir que as flutuações hormonais durante o ciclo menstrual não afetaram a FMO de mulheres saudáveis.
